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INTRODUCTIOI 

This proposal seeks a three year extension of our exi:;tiny 
grant for Resource Related Hesearch - Computers and Chemistry 
(RR-0061~). Over the two years we have been supported by this 
grant UC? have made significant progress in all of the area:; we 
initially proposed including clinical appl.ications of body fluic: 
analysis by gas chromtography/mass spectrometery (GC/MS), 
extensions to automate our GC/nS instrumentation and data 
systems, and the development of programs which, in specific 
areas, match human performance in interpreting mass spectra front 
first principles as well as extend mass spectral theory to new 
classes of cornpounds. Our success to date reinforces our 
expectations that this research vi11 have a significant and 
useful impact on medical research involving studies of human 
biochemistry. As discussed in section R(ii) OL this propowl, we 
have bolstered contact with real clinical problems through the 
Department of Pediatrics (Professor Howard Cann). We have 
recently encountered preliminary correlations between the remount 
of beta-amino isohutyric acid present in the urine of children 
with IymphDblastic leukemia and the state of their disease; cind 
also between a defect in phenylaldnine-tyrosine metabolism and 
late metabolic acidosis in premature infants. 

This project is highly interuisciplinary, merging the 
interests of Professors Lederberg (Genetics), Djerassi 
(Chemistry), and Peiqenbaum (Computer Science), in evolving clnd 

applying mass spectroaetry as an analytical tool in medicine anri 
in modeling dSpeCtS of scientific problem solving proccsse:;. Mass 
spectroastry is an ideal domain for this collaboration. On the 
one hand it has special importance to medical science and organrc 
chemistry as a remarkably sensitive and analytically precise 
physicdl method for studying human biochemistry at the mol&ular 
level. On the other hand, the problems of mass spectrum 
interpretation are at once sufficiently complex to challen:ge the 
human intellect and sufficiently structured to be dealt with by 
current computer programming concepts. It is thus a rich, 
real-vorld problem domain in which to study the emulation of 
lower level cognitive tunctions, knouledge representations, dnd 
theory formation processes. 

This combination of interdisciplinary interests promises 
both near and long term returns for the research investment. As 
indicated above, even uith relatively crudely automated sy:;temc, 
a significant impact can be made on relevant meuical problems. in 
the longer term the increasing load of body fluid analyses, which 
will have t3 be performed to be responsive to clinical neerls, 
vi11 require unburdening chemists from the laborious proce:jses of 
reducing ana interpreting the large volumes of data involved. 
These probleas are squarely addressed by the proposed use af 
stored libraries of solved spectra, augmented by computer 
programs to extend such catalogs bp 4Bcognitive*1 insight. 
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This proposal is organized in a manner similar to the 
original in that the overall goals are divided into a number of 
subtasks. I'hesa comP;rise the original subtask definitions <AS well 
ds one additional task proposed to explore the use ot Carbon (13) 
nuclear magnetic resonance information as a potentially useful 
adjunct to mdss spectral information to limit the space of 
candidate molecular structures. The respective prOpoSdl SWtdSks 
elaborated upon in snbseguent sections include: 

Part A: Applications of Artificial Intelligence to na:;s 
Spectrosetry 

Part B(i) : flass Spectrometer Data System Development 

Part B(ii): AndlySiS of the Chemical Constituents of body 
Fluids 

Pdrt c: Extending the TheDry of Mass spectrometry by 
Computer 

Part 0: Applications of Carbon(13) Nuclear Magnetic 
Resonance Spectrometry to Assist Chemical htructure 
Determination 

This proposal is related to several others pending, in 
progress, or terminating: 

1) jUPlEX (NIH: C(R-39785, pendin. - Principal Investigator, J. 
Lederbetg)-- This Proposal seeks to establish a computer 
resource tar the application of artificial intelligence in 
medicine as well as for the exploration of GC/MS as a tool for 
bionolecnlar Characterization. The present renewal application 
is subsuaed in the SUMEX application but is submitted 
independently to meet NIH renewal application deadlines whicit 
predate Rational Advisory Research Resources Council 
consideration of the 5UbEX proposal. Should SUtiRX be approveil, 
this proposal will be withdrawn. Should SUM%X not be approve4, 
this proposal seeks to continue support of our current mass 
spectroaetry research efforts. 

2) Genetics Research Center (NIH: pending - Yrinciyal 
Investigator, J. Lederberg)-- This proposal seeks to establish 
a Genetics Research Center at Stanford for research in taeuical 
genetics and the application of such research to clinical 
aspects of medical genetics. This proposal incoryordtes a 
significant level o* cooperation between the Departments of 
Genetics and Pediatrics at Stanford including clinical 
applications of GC/NS. The Genetics Center proposal 
complements the present renewal application in that it 
concentrates on research aspects of genetic disease whereas 
this proposal attacks basic Problems of methodology as well Iis 
developmental aspects of applying W/M analyses of metdbolic 
disorders as indicator-s of disease states in a broader 
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cantext. 

3) ACtlE (NIH: RR-00311, terminating, July 1973, - Principal 
Investigator, J. Lederberg)-- 'Ihe ACHE computing resource has 
been our major wurce of computing support for the reduction 
and analysis of mass spectral data. This support has bezn 
provided as a part of the AChR core rest?arcb program without 
an explicrt transfer of funds from the DENDHAL project. W ith 
the termination of NIh supyort, the ACME facility will be 
combined with other Wdical Center computing functions on a 
fee-for-service basis, thereby introducing a new specific item 
in our budget to cover these computer costs, 

4) Heuristic Programming Research in Artificial Intelligence 
(Advanced Research Projects Agency (ARPA): SD-183, in progress 

- Co-Principal Tnvestigators, E. Feigenbaua and J. 
Lederberg) --This on-going research effort complements the 
present proposal by supporting those aspects of artificcll 
intelligence concept and program development not directly 
related to medical problem areas. The present NIB-supported 
project benefits from this research and acts to enable the 
transfer of these ideas into a medically relevant context. 

The current resource grant is headed by Professor E. 
Peigenbaum as Principal Investigator. He will shortly take a 
leave of absence for tuo years to accept the post of Deputy 
Director of the Information Processing Technigues Office of AHPA. 
During his absence, Professor Lederberg will act as Principal 
Investigator of the research project. Whereas Professor 
Feiyenbaum will formally not bs d member ok tha pro]ect. during 
his tenure with ARPA, he will raintain his office locdll,y, 
enabling him to maintain close intellectual contact with our 
research effort. 



PART A: 

APPLICATIONS OF ARTIFICIAL INTELLIGENCE 

TO MASS SPECTROMETRY 
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Part A. Applications of Artificial Intelligence to Hass 
Spectrometry 

OBJECTIVES: 

The overall objective of part A of this proposal is to 
extend the reasoning power of Heuristic DENDEAL. Bass 
spectrometry uas initially chosen as the task area in which 
to explore the techniques of heuristic programming for 
molecular structure elucidation. tluch of the past and 
proposed future ef torts will remain directed strongly to 
analysis of mass spectra beta use of the sensitivity and 
specificity of the technique. It is clear, however, that 
information available from other spectroscopic techniques, 
utilized routinely by chemists when saaple quantities are 
sufficient, can and should be used where appropriate to 
obtain structural information which cannot be provided by 
mass spectroaetry alone. This point is elaborated in the 
subsequent discussion of progress and plans. 

A corollary of the overall objective is to tie the Heuristic 
DENDRAL program very closely to the requirements of the 
chemical studies outlined below (analysis of steroids from 
body fluids) and in Part B of the proposal (analysis of 
chemical constituents of urine, blood, and other body 
fluids). We have previously directed and will continue to 
direct our studies toward classes of biologically relevant 
molecules. Thus we have the capability of providing 
significant support to the chemically oriented activities as 
the capabilities of Heuristic DERDRAL are extended. 

The overall objective encompasses several sub-tasks, 
outlined below, all of which represent critical steps in 
building a powerful program in an incremental fashion. This 
approach provides an operational program which can be used 
bY chemists in a routine production mode, while extensions 
of the program are under development, The sub-tasks are the 
following: 

A) Extend Heuristic DENDRAL to analysis of the mass spectra 
of complex molecules. This includes the assessaent of the 
capabilities and limitations of the program in analysis of 
unknown compounds or mixtures of compounds. It also 
includes refinement of planning rules which infer compound 
class or molecular substructure, both being extremely 
important in subsequent analysis of a mass spectrum. 

B) Develop the Cyclic Structure Generator to provide DENDRAL 
uith the capabilities for generation of all isomers of a 
given empirical formula, Define and incorporate constraints 
on the generator to exclude implausible isomers. Enlarge 
the capacity of the cyclic generator to accept constraints 
of demanded or forbidden substructures (GOODLIST, BADLIST). 

C) Develop the ability to incorporate information available 
from ancillary mass spectronetric techniques (e- + e 
metastable ion data, low ionizing voltage data, isotopic 
labelling) and other spectroscopic data (e.g., substructures 
from NC(R) into the existing Heuristic DENDRAL program. 
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D) Extend the Predictor, now capable of prediction of mass 
spectra for li0ited classes of molecules, to the design of 
experi0ental strategies. Given a set of data, and partial 
or ambiguous structural information based on these data, 
specify additional experiments which may be done to effect a 
unique solution or minimize ambiguities. 

PROGRESS: 

Ye have, in the past two years of the existing DENDBAL 
grant, nade siqnificant progress in each of the areas 
outlined above. We feel that in some areas the progress has 
been particularly exciting, for example, the completion of 
the program for analysis of the mass spectra of coaplex 
molecules, and completion of the cyclic structure generator 
(uncoastrained). The following represents a brief outline 
of accomplishments to data, keyed to the objeetives A-D 
above. 

A) Extension of Heuristic DENDBAL 

Extension of Heuristic DENDRAL to the mass spectra of 
complex molecules dictated two important agdifications in 
the approach used successfully for saturated, aliphatic, 
monofunctional (SAW compounds. To reduce ambiqu.ities of 
elemental composition inherent in low resolution mass 
spectra, the decision was made to extend the program to 
handle high resolution mass spectral data which Fpecify the 
enpirical co0position of every ion. Although the basic 
strategy of Heuristic DENDEAL (plan, generate and test) was 
maintained, the absence of a cyclic structure generator at 
the time the program was written dictated that the basic 
skeleton, common to the class of molecules analyzed, be 
specified. The techniques of artificial intelligence have 
now been applied successfully to a problem of direct 
biological relevance, namely, the analysis of the high 
resolution mass spectra of estroqenic steroids. The 
performance of this program has been shown to compare 
favorably with the performance of trained mass 
spectroscopists, see Saith, et-al. (1972). The operation 
of this program has been detailed in this publication, a 
copy of which is attached. Briefly, the program was 
designed to emulate the thought processes of an expert as 
far as possible. High resolution mass spectral data are 
searched for evidence indicating possible substituent 
placeaents about the estrogen skeleton. Bolecular 
structures alloued by the mass spectral data are tested 
against chemical constraints, and candidate solutions are 
proposed. Further details of the performance in analysis of 
more than thirty estrogen-related derivatives are presented 
in the above publication. 

Of particular significance in this effort were, in addition 
to exceptional performance, the potential for analysis of 
nixtures of estrogens YITBOUT PRIOR SEPARATION, and for 
generalization of the programming approach to other classes 
of qolecules, 

Because of the structure of the Heuristic DENDRAL program it 
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is immaterial vhethec the spectrum to be analyzed is derived 
from a single compound or a mixture of compounds. Each 
coaponen t is analyzed, in terms of molecular structure, in 
turn, independently of the other components. This facility, 
if successful in practice, vould represent a significant 
advance of the technique of nass spectrometry, Hany problem 
areas, because of physical characteristics of samples or 
limited sample quantities, could be successfully approached 
utilizing the spectra of the unseparated mixtures. Even in 
combined gas chromatography/mass spectroaetry (W/US), many 
overlapping peaks vi11 be unresolved and an aaalysis program 
must be capable of dealing with these aixtures. 

In collaboration vith Prof. HI Adlercreutz of the 
University of Helsinki, ve have recently completed a series 
of analyses of various fractions of estrogens extracted froip 
body fluids. These fractions (analyzed by us as unknouns) 
uere found to contain between one and four major components, 
and structural analysis of each major copponent was carried 
out successfully by the above program, These aixtures vere 
analyzed as unseparated, underivatized compounds. The 
implications of this success are considerable. Uany 
compounds isolated from body fluids are present in very 
small amounts and complete separation of the compounds of 
interest t‘COlB the many hundreds of other coapounds is 
difficult, tine-consuming and prone to result in sample loss 
and contamination. Ye have found in this study that 
mixtures of limited complexity, vhich are difficult to 
analyze bY conventional GC/l!S techniques without 
derivatization (vhich frequently makes structural analysis 
more difficult), can be rationalized even in the presence of 
significant amounts of impurities. A manuscript on this 
study has been submitted to the Journal of the American 
Chemical Society 

In the past year we have extended our library of high 
resolution mass spectra of estrogens to include 67 
compounds, These data represent an important resource and 
have been included (as lov resolution spectra for the 
moaent) in a collection of mass spectra of biologically 
important molecules being organized by Prof. S, Markey at 
the University of Colorado, These data have been used 
extensively in developing the program strategies for 
Meta-DENDRAL (see Part C, below), 

The Heuristic DENDRAL program for complex molecules has 
received considerable attention during the last year in 
order to generalize it from its previous empbasis on 
specific classes of compounds and program strategies. By 
removing information which is specitic to estrogens, the 
program has becone much more general. This effort has 
resulted in a production version of the program which is 
designed to allow the cheaist to apply the program to the 
analysis of the high resolution mass spectrum of any 
molecule with a minimum of effort. Given the spectrum of a 
known or unknown compound, the chemist can supply the 
following kinds of information to guide analysis of the mass 
speatrum: a) Specifications of basic structure (superaton) 
common to the class of molecules. b) Specification of the 
fragmentation rules to be applied to the superatoq, in the 



form of bond cleavages, hydrogen transfers and charge 
placement. c) Special rules on the relative iaportance of 
the various fragments resulting from the above 
fragmentations, d) Threshold settings to prevent 
consideration of low intensity ions. e) Available 
netastable ion data and the vay these data are subsequently 
used -- to establish definitive relationships between 
fragment ions and their respective molecular ions. f) 
Available low ionizing voltage data -- to aid the search for 
molecular ions. g) Results of deuteriur exchange of labile 
hydrogens -- to specify the number of, e-g., -,OH groups. 

We have been very successful in testing the generality of 
the program, with particular emphasis on other classes of 
biologicaly important molecules. Ye have used the program 
in analysis of high resolution Bass spectra qf progesterone 
and some methylated analogs, a small number of 
androstane/testostecone related co0pounds, steroidal 
sapogenins and n-butyl-tcifluoroacetyl derivatives of amino 
acids. 

B) Cyclic Structure Generator 

The cyclic structure generator has been completed after 
several years of effort under the continuing guidance of 
Pcotessoc Lederbecg. The boundaries, scope and limitations 
of chemical structure can nov be specified. 

The cyclic structure generator now rests on a firm 
mathematical foundation such that ve ace confident of its 
thoroughness and ability to generate structures, 
prospectively avoiding duplicate structures, The 
prospective nature of the generator is a necessity for 
efficient implementation, as retrospective checking of each 
generated structure to eliminate redundancies is too time 
consu0ing. The necessary concepts have recently been 
transformed into an operating program. A aanusccipt 
describing the mathematical theory of the heart of the 
generator, the labelling algorithm, has been accepted by 
Discrete hatheeatics (H. Brovn, et-al., 1973). A companion 
manuscript describing the matheaatical theory or the 
complete generator has been submitted (H. Brovn and I.. 
Hasinter, 1973, submitted). 

T&e cyclic structure generator in its entirety (encompassing 
acyclic and wholly cyclic structures and combinations 
thereof) will be described for chemists (L, ?lasinter 
et-al., in preparation), Apart from the labeling algorithm 
the remainder of the problem involves, first, the 
combinatorics of assignment of atoms to cycles or chains, 
and second, construction of acyclic radicals to attach to 
the rings using the vell knovn principles of acyclic 
DENDRAL. A companion manuscript will soon be submitted 
describing for chemists the core of the cyclic structure 
generator, the labelling algorithm. This algorithm is 
capable of construction of all isomers, of wholly cyclic 
graphs, which may be formed by labelling the nodes of a 
cyclic skeleton with atoms (e.g-, C, N, 0) or labelling the 
atoms of the skeleton with substituents (e.g., -CH3, -OH). 
Through the use of graph theory, and the symmetry-group 



properties of cyclic graphs the labelling algorithm avoids 
construction of redundant isomers. 
node 

It identifies equivalent 
positions prospectively before labelling takes place. 

It is indicative of the precarious communication betueen 
chemists and mathematicians that it had remained unsolved 
(except for trivial simple cases) despite attention ior over 
100 years. As an indication of the complexity ot chenistry 
in terns of numbers of possible structures, take the example 
of CbH6. The most familiar molecule with this molecular 
formula is benzene. Yet there are 217 
for S6H6 

topological isomers 
(with valence constraints) of which only 15 are 

pure trees. The simple addition of one oxygen atom to the 
empirical formula of benzene, yielding C6H60, yields 2237 
isomers of the most familiar representative, phenol. 

The first exercise of the generator has been to create a 
dictionary of carbocyclic skeletons. This time-consuming 
task would otherwise have to be done each time a new 
molecular formula is presented. The dictionary is 
structured to contain keys as to type of skeleton, number of 
rings, ring fusion, and so forth. The constraints which we 
wis,h to implement are then simple to exercise in the context 
of the dictionary. 

C) Analysis Using Additional Data Sources 

Several additional techniques are available to the mass 
spectroscopist other than recording the conventiopal mass 
spectrum. They provide complementary data uhich frequently 
are of great assistance in rationalization of the 
conventional spectrum, either in terms of strut t.ure or 
fragmentation mechanisms. Ue have designed the Heuristic 
DENDRAL program for complex molecules to use data from these 
additional techniques in much the same way as a chemist 
does, The following three types of of data can now be used: 

I) Metastable Ion (PSI) Data. fletastable ions provide a 
means for relating fragment ions to molecular ions in a mass 
spectrun. This is important in two contexts. In 
examination of the spectrum of a known compound, the 
existence of a metastable ion provides strong evidence that 
a given fragment ion 
decoqposition process 

arises at least in part in a single 
from an ion of higher mass (not 

necessarily the molecular ion). Investigations of this type 
are necessary to validate the fragmentation rules uhich 
guide the Heuristic DENDRAL program. f-3., 
of 

invest igatians 
metastable ions of estrogens, Smith, Duffield and 

Djerassi, 1972). 

The second context use is the analysis of mixtures of 
compounds to determine which fragment ions in a very complex 
spectrum are descended from uhich molecular parents. We 
have explored the analysis time and specificity of results 
as a function of the amount of aetastable ion data available 
on a mixture. A 10 to lOO-fold reduction in computer time 
is observed to arrive at single, correct solutions for 
various mixture components (rather than S-20 possible 
solutions limited by the conventional mass spectrum alone). 
These results 
analysis of 

are reported in detail in the description on 
the estrogen mixtures (Smith, et-al., 1973 



(submitted)). 

Metastable ions are those which are formed by fragmentation 
processes occurring during the flight of an ion after 
formation and acceleration. These fragmentation processes 
may occur at any point along the flight path of ions through 
the mass spectrometer. Because of the complex behavior of 
metastdble ions formed in magnetic or electric fields, they 
are usually studied in field-free regions. A conventional 
double focussing mass spectrometer possesses two field-free 
regions where metastable ions may be studied. On* region 
lies betueen the electric sector and the magnetic sector. 
This region can be used to study so-called '*normall@ 
metastable ions, i.e., those metastable ions vhich are 
observed superimposed on the peaks in the conventional mass 
spectrum and which follou the relationship: observed mass 
of Betastable ion = (oass of daughter)**2 /(mass of parent). 
The other field-free region lies betueen the ion source and 
the electric sector. Betastable ions formed in this region 
can be examined by de-tuning one analyzer of the instrument 
(defocussing), This procedure allows establishment of 
specific relationships between ions involved in a metastable 
decomposition so that the parent ion.and its decomposition 
product, can both be identified. This technique has led to 
much more useful inforaation for the Heuristic DENDRAL 
program, as illustrated earlier in this section. 

II) Low Ionizing Voltage (LV) Data. The key to successful 
operation of the Heuristic DENDBAL program is correct 
inference of the molecular ion(s) and molecular formula(e) 
in a given mass spectrum. In the past, netastable ion data 
uere used to assist the program in correct identification of 
molecular ions. This procedure has now been suppleaented, 
making the program cognizant of LV data. At lower ionizing 
volatges, molecular ions are formed with lesser amounts of 
excess internal energy. Best classes of molecules (those 
that display significant molecular ions) can be analyzed at 
a sufficiently low ionizing voltage such that only molecular 
ions are observed, as the internal energy is not sufficient 
to allow fragmentation. This technique was used extensively 
in the analysis of estrogen aixtures and the resulting data 
simplify the program's task of determining aoLecular ions. 

III) Isotopic Labeling. We have previously described how 
isotopic labeling of labile hydrogens with deuterium aids 
analysis. For example, the last phase of the analysis of 
spectra of complex molecules involves several Whemical** 
checks on the validity of proposed structures. The 
knowledge of the number of hydroxyl groups can be a powerful 
filter to reject certain candidate structures (Smith, 
et-al., 1972). 

There are many qther kinds of data available to chemists 
engaged in structure elucidation. The details of chemical 
isolation and derivitization procedures -Y require that 
only certain types of functional groups are plausible. 
Spectroscopic data from other techniques (e.g., proton or 
Cl3 NNR, IR, UV) may be available for a particular unknown. 
We have designed the Heuristic DENDRAL program for complex 
molecules with these additional data in aind. Specific 



plans for implementation of these data as constraints on 
Heuristic DENDRAL are described in the Plans section below. 
Certain chemical information, for example, the knouledge 
that aromatic hydroxy functionalities have been metbylated, 
CRA already be included as a constraint. 

D) Extension of the Predictor Programs 

The function of the Predictor in heuristic DENDRAL has been 
to evaluate candidate solutions (structures) by prediction 
of their mass spectra, based on empirical fragmentation 
rules, and comparison of predicted versus observed spectra, 
This has been extended to high resolution mass spectra of 
complex molecules, Performance has been tested on 
estrogenic steroids dnd steroidal sapogenins. 

There are other aspects of prediction of behavior that we 
have incorporated and plan to incorporate in the Predictor, 
We can IAOU predict a minimum series of metastable 
defocussing experiments necessary to differentiate among 
candidate structures resulting from analysis of a mass 
spectrum, Other efforts are discussed in t&e Plans section, 
below, This approach amounts to design of optimum 
experimental strategies to effect a solution or minimize 
ambiguities. 

we have begun to explore ways in uhich to predict the mass 
spectral behavior of molecules without the need to resort to 
the classical method of determining many mass spectra 
followed by empirical generalization. Dr. Gilda Loeu has 
been investigating extended Huckel molecular orbital theory 
in an attempt at qualitative prediction of bond strength 
Initial efforts on estrone will shortly appear describing 
these results (G, Loew, et.al., 1973). Sriefiy, calculated 
net atomic charges appear to have little bearing on 
subsequent fragmentation of the molecule. Bond densities 
(which are related to bond strengths), however, provide some 
indication of which bonds are likely to undergo scission in 
the first step of a fragmentation process. 

PLANS: 

As in the previous section, research plans are keyed to the 
objectives A-D, 

A) Extension of Heuristic DENDBAL 

I) Ye vi11 continue use of the present prograB in 
collaborative studies with Prof. Adlercreutz concerning 
estrogenic steroids from, e.g.. pregnancy urines, work to 
date has inspired a synthetic program at Stanford Universty 
to verify conclusions of the program uith regard to new 
estrogen metabolites. The planning program vi11 be used 
extensively in analysis of the synthetic products also. As 
the capability for analysis of the mass spctra of other 
classes of steroids is developed, ue hope to extend this 
collaboration. 

II) We feel ue have achieved a high level of compound-class 
independence in our present prograa. As more classes are 



analyzed we expect that further Wleanupv may be necessary, 
but easy to carry out, 

III) We are presently accumulating a large number of high 
resolution mass spectra of pregnanes and androstanes. For 
example, the first step away from estrogen analysis uas 
initially going to be to the analysis of pregnanes, another 

,biologically important class ot steroids. A review of the 
sass spectronetry literature, houever, revealed a paucity of 
information on the mass spectraA fragmentation behavior of 
these molecules. Without fragmentation rules we cannot 
proceed uith spectral analysis. We have, therefore, 
collected the high resolution mass spectra of approximately 
50 pregnane related COPpOUndS. The data interpretation 
program (see Part C of the proposal) will be used 
extensively to help elucidate the fragmentation mechanisms 
involved. This study has already achieved the result of 
clarifying, through the use of high resolution data, the 
interpretation of mass spectra of the small number of 
pregnanes reported in the literature uhicb uere recorded 
Only under low resolution conditions, Peaks have been found 
uhich have elemental compositions different from those 
assigned by past studies. We will investigate the 
performance of the program in analysis of mass spectra of 
urine components (see Part 0 of the proposal), specifically 
amino acid aAd aromatic acid derivatives. 

IV) The planning program itself is extremely useful in 
helping build a more powerful analytical program. As neu 
compound classes are considered the planner vi11 be used to 
validate fragmentation rules developed for the class, in 
conjunction vith the data interpretation program (see Part C 
of the proposal). This inspires confidence for use of the 
program in analysis of the spectra of related, but unknown, 
compounds. 

Y) As development of a prOdUCtiOA version of the cyclic 
structure generator is continued, vi11 incorporate it into 
the planner. This will yield a program which more closely 
emulates the method originally developed for SAH compounds. 

VI) Efforts in analysis of mass spectra have to this point 
been relatively restricted in terms of the types of 
structures which may be considered, As our knowledge base 
and the scope of the program increase it is necessary to 
consider general planning rules. These rules are used in 
initial examination of a mass spectrum to determine uhich 
compound class might be represented so that subsequent 
analysis utilizes rules for that class. One approach uas 
used successfully in the past analysis of saturated 
aliphatic monofunctional (SAH) compounds. For more general 
utility, houever, other approaches must be considered. The 
following areas will be investigated: 

a) How best to exploit a version of library matching 
procedures to ease the computational burden on DENDElAL uhen 
dealing with routine analyses of airtures of compounds that 
have previously been at least partially characterized. IA 
this uay attention can be focused on those previously 
uncharacterized COmpOAeAtS. This aids planning ia that 



effective library matching procedures frequently provide 
hints as to molecular structure even uhen the correct 
spectrum is absent from the library. 

b) Utilize ion series spectra (Smith, 1972), an extension of 
the planning procedure for SAR compounds, in conjunction 
with the specific information embodied in a high resolution 
mass spectrum, which yields not only formulae but the 
implicit number of rings plus double bonds; both items serve 
as youerful limitations on compound class. 

S) Cyclic Structure Generator 

The present cyclic structure generator uas designed to 
operate without constraints initially, as it must be capable 
Of exhaustive generation of isomer. The next step in its 
development will be to implement constraints on the 
generator so that greater flexibility is possible. For 
example, in many cases the chemistry of a situation dictates 
that certain structural types may be present, or that others 
must be absent. The generator vi11 use this inforaation as 
constraints. We have planned a set of constraints uhich are 
useful to the chemist, for exampl.e, numbers of rings as 
opposed to double bonds, ring sizes, ring fusions, and so 
forth, and have begun developing uays to incorporate these 
constraints without compromising the requirements for 
thoroughness and non-redundancy, 

We feel that the cyclic structure generator has the 
potential of acting as the focal point for an interactive 
laboratory analytical tool in addition to being a powerful 
addition to the existing Heuristic DENDBAL program. 
Constrained by inferences obtained from data (such as HS, 
IR, etc.) and from chemical treatments, such a generator 
would. under control by the chemist, be a pouerful proposer 
of an exhaustive set of candidate solutions based on 
available da,ta. We will develop this concept further as ue 
improve both our capabilities for inference from scientific 
data and our techniques for using the generator. 

One of the more proaising spectroscopic techniques uhich ue 
ui 11 exploit is C-13 NHR (see Part D of the proposal). The 
amount of structure specific information available is 
extensive, and serves in many cases to complement 
information available from mass spctra. Although sample 
requirements for the technique are prohibitively high for 
many applications, there is little question that this 
situatiou will improve with time, The capabilities of the 
structure generator as an interactive tool, or uithia the 
frameuork of existing Heuristic DENDRAL, will be enhanced if 
additional structural information can be incorporated. 

C) Analysis Using Additional Data Sources 

Plans under this section, i.e., extending the ability of 
Heuristic DENDRAL to cope uith additional kinds of 
information, are intimately integrated uith the plans for 
the preceeding sections. When the cyclic generator is 
coupled uith the planning program, much of this information 
constrains the generator to include (or exclude) some 



particular substructure or functionality. Ue can readily 
deal with ancillary mass spectral data, but significant uork 
remains on the most efficient ways (or at what point in the 
analysis) best to utilize, e.g., metastable ion data. Ye 
uilL also explore the performance of the planner when 
information such as Cl3 NtlR data are available in addition 
to mass spectral data (see Part D of this proposal). 

D) Extension of the Predictor Programs 

Continuing development of the Predictor itself may prove to 
be an extremely interesting artificial intelligence 
application to chemistry. The problem facing the Predictor 
is the same problem faced by the chemist when available data 
do not yield a solution, or yield many ambiguous solutions. 
What additional data are needed to reach a solution? The 
Predictor must be made cognizant of possi&le measurement 
techniques (e.g., metastable ion data and their meaning) and 
which of the techniques are required. Design of an 
experimental strategy for further investigation of a 
structure problem represents a crucial link between 
Heuristic DENDRAL and the chemist dealing uith the problem. 
It has important implications for more closed-loop control 
of instrumentation as the requisite data could as well ccme 
directly from the instrument as froa the chemist by aanual 
techniques. Thus a mechanism would exist for exploring the 
possibilities of "intelligent" instrument control (see Part 
B of the proposal). Such "control" could be exercised in a 
manual mode uhere sample quantities permit. Given the 
output of desired information from the Predictor, the 
chemist can then gather the information. 

The other aspect of the Predictor, mentioned under Progress, 
above, is the possibility of using corputational techniques 
to study fragmentation probabilities using, for example, 
molecular orbital theory rather than time consuming 
expirical studies. The ability to predict features of mass 
spectra given only a molecular structure uould be an 
important advance both within the context of Heuristic 
DENDRAL and for mass spectroeetry and theoretical chemistry 
as a whole. 
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MASS SPECTROMETER DATA SYSTEM DEVELOPMENT 



PART u-(i) PiASS SPECTROhETEH DATA SYSTEf'l DEVELOPMENT 

The large volume of ddtd which must be reduced &ntl 
interpreted tram each GC/!lS an-lly5i.s of a body fluid .sampl~+ 
together with the incren;;inq number of samples which must be 
processed to be responsive to zlinicdl newAs, point to mar+ dnd 

more biqhly automated ano rclisble GC/MS systems. ‘I’hir; portion of 
the propostil dddCesses tile prot: lem:; of dev~?lopirlS~ and dpplyin!J 
such ,iutD,nated systems from several points of view. First, we 
ptoposc? to investi~~nte the intzgrution of sophisticated computer 
a n a 1 y si s pr33rams into cIdtd reduction, datd interpretation, and 
inc;t.ru%ent. management f unct.ions in order to progressively relieve 
the chemist lrom manually performing these tasks. Second, tie will 
maintain tht? daily operdtion of our Gc/HS :iystemS fur the 
on-going investigation oi clinical clpplicat ions and th:? 
acquisition of data necessary for the development of automated 
intccL.ret.ation pro,lrama. 

(:uf overall ot?ectives for automating (:C/i?S systeiu:; co.8prisc 
,I nllrnt~~r of specific subgoals including a) implcment&ny highly 
automated anti reliable systems for the acquisition and reductiort 
of low resol ut ion, high resolution, and metdstdble mass sp+ctrcl1 
rlatii; b) implementing a clnta system to support combined gas 
(:hronl~~toclrirl~tly/hicl~t resolution n..~ris spt!ctroInetry; c) dutom,itLnrj 
t.he 1oc:rition and iL!L+ntiflcation OL: con:;tituentz of tally flclicl 
,?xtrdctu ft 3111 ijdS chromato:jrdm dnd mdss spectrum informdtion foL 
the routine apylicatiou of these techniques to clinical problems; 
and cl) investigating tire intelligent closefi loop control. ot mas:; 
spectromot~r systems in urder to optimize the dnta acyuire<J 
relative to the task ot cIdta lnterpretcltiori. 

DuEin.) the two years of support bj this qCdnt we havt? made 
progress toward each ot the subgoclls outliued dboVe. Speciiic 
accomplishments and problems we have encountered are summarized 
below. 

‘i) MA:;S SPECTROMETER DATA SYSl'EM AUTORATION 

Funciefl Ly thi:-; qfdnt., we have acqurred a Vdrlan-L'IA'-i' /I 1 hll.,h 
resolution mass spectroaetcr, J?his instrumc?r:t was forra4lly 
accepted op. Yovember 5, 1371. The instrumerrt has been used 
toutitrk?ly in all ot it5 operating mode5 including low resolution, 
(approxituately l,OliO), high resolution (approximately 10,9'3i)), 

ultra-high resolution (approximately SO,OO<l) IJeak mntchiny, low 
ion izin *j vol ta,Je, nIetitstdi,le d?focuss.ing, clrtd ;C/rlS opi,ration 
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both at lou and high rcsolut.ion. It, has asc:urne4 the entice buracn 
of hiqh resolution work for thz DcNDRAL Project. A rr~umber of 
problems have arisen involviny aspects of in~trumen t alignment 
nnd opfdcati~n dnd the mechanical, vdcuunl dnri, electronic system!;, 

5nppor.t from Vdridn tor 1x~:io1v~n~~ t, tbcs;c prot;l~as hs ,jot tcrb 
proqre:;:; i v,!l y less rt?:;poltz iv(3 5 0 that we h,ive t.<lk2n on post ot 
the burden of mainterrancc? loc,ll ly. 

Concentratinq initially on the PlAT-‘7 11 spectrometer, we hdvcf 
nade siynificant progress toward d reliable, automatou datl 
,lcquisition dint1 reduction system for scanned low and hiqh 
rssolution spectra. ,This system is largely failsafe dnll require:; 
no operator support or intcrvcnt.ion in the calculation 
proced uros. Output and warnings to the operator are Provided on a 
CRT adldcent to the mass spectrometer. The system contdlns mdny 
interdctive reaturt?s uhich p-fait the operator to cxdmine 
selected f?:atures of the data it uis leisure. .The feedback 
currently provided to the oparzltor to assist in instrument sdt-6p 
ant1 operation can just dtl: well be routed to hdrdwar-e control 
elements fur t.hese functious thereby allowing computer 
maintennucc~ of optimum instrum:+nt performance. 

Pt m; ress in t h is d r<!d is 3n An teqratiun or our effort:; An 
hd L'd W 11 C? ~3 I: :I softu~~te i mt,rovr?ment;: 

HAHDWARE - The basic system consists ot the mass 
spectromctt*r interfaced to a YDY41/20 computer for data 
ac~uisitloc, pre-f ilteriny, and tine buffering into the RCl.,X 
time-shdred Stjc)/50. ‘The more c3mplex aSpL2Ct.S of ddta rdducticln 
dre [tone in the 3bb/LJO since the PRP-l’i has limited memory ar,d 
drithmetic cdpahil i ties. New in terf dces for m&s spectrometer 
operation an4 control have been developed. The interLaces can 
handle (through an analog multiplexer) several analo(J inputs an!! 
output.s which require that. the PDP- 11 computer be r,elatively nctclr 
the EdSS spectrometer.. k’c now have the capdtility iror the 
fOllCIWiti7 kirids of operation through the nsw intert,lces. 

i) Computer select.ion of dig itlzatiori rdte 

ii) cou.puter selection of datd path (interrupt mode or direLit 
r!If’l~lol y access (IJlYA) 

iii) I: i Tee t m(:amor y dcce:;:; for faster (Jp<?r.ltion ln the CIdtd 

ac;luisition mode. 

iv) Computer selection of dIidhg input tlnd OUth,Ut chrlnnel:;. 

v) Sensing of several analog channels thr-ouqh ri multil,lcger 
(C?. 3.. ion signal, tOtd1 ion currerlt). 

vi) haqnat scar1 control. ‘This control can DC\ exercised 
mariudlly or set. \Jy t.i;e computer. It controls both time 01 
sodn dnSd flybdl:k time. Coupled with selt+ction ot :;can rate, 
any desired mass I cln:]? cd11 be :;cannud at any ile’sir:-?rf S(J~II 
rate, 
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vii) The computer cnri monitor the mass ~ij;t?CtrOllI ?tt:r“i; :i:dL;:j 

rn;kr ker output as add it ional informat.iori which vi 11 bra Ilr.;2d t-o 
f?,tfeCTt calibration, 

Anot hor development h;in b,:err a :; ijnnl (:onfl it- io nc1: f c)L t II<' 
ion si.jnal uhich incorpoLdtes 4 box-type intcgrdtor to sun: thr? 
ion :; igncll between A/L: coilvcrt:! r readings. ‘L’hir; moc!.if lcat.ion 
makes 5ucccssivc intensity readings independent of 62aCil other 
because the integrcitor is reset after each reading. It also 
provides for low pass filterinq the ion current signal with a 
bandwidth automatically iidjusted correctly for different sC1utpliilG 
rates dntf h2tlce lessens intensity aeasuremeht uncertdicties 
causei by external noises, 

SOF'YWARS - Automatic: instrument calibI:ation and d,ita 
reduction programs have tieen developed to a high degree ot 
sophistication. We can now accurately model the cehdvior of the 
piAT- 1 mass spectrometer over a variety of YCdfI rdtes anti 
re:;olvinq t’3wers. tiur instrument diagnosti:: routines are cl(*pl2ntic<ti 
upon by thu spectrometer operator to indicdte 5UCCeSSfUl 

operation or to help point to instrument malfunctions or s;t-uIl 
l?rrors. some features of t.he.Te I,rolrams arc+ de;cribed iielow. 

i) bat:1 Acquisition. Progt‘alus have he:?!) written which p-!~mit 
dcqui.sition of peak profile dntd dt high d<lt.a riltes using the 
PDP-11 ds an interwedidte data filter and buffer store between 
the rnii:;:; spectrometer and k!Z:riE. This allows data acquisiti:>n to 
proceed even under the time constraints ot the time-sharing 
:;ystem. Stordrje of peak profiles rather thcln ~11 datd collected 
has greatly seducer! the r,tora,J? requirements of the program <ini! 
saves time as the hackqround data (below threshold) d~i3 removea 
in redl-t.ime. AA automitic thresholding program is in operdtlon 
which statistically evaluates background moist and thresholds 
subsequent 3ata accordinqly. Amplifier drift cdn thus be 
compensated. WC have developed some theoretical n!odt?ls of the 
data acqui:;ition process which suggest that high data dcquisititin 
rates are not nece:;sary to maintain the intf-!qrit,y ot the tf;ltd. 
Demonstration of this fact with actual data has helped relieve 
the Lurrlen of high datd L'dte:; 3n the computer system, 
particularly as irnk,o:;elI by G$/FlL operation, and I,ermit.; morr3 iiiltd 
fcdllc: t. i()ri 1.3 bt+ dcc:o~pl i:;hf+ri in rt!j.I-tlmt! or 41ternC~t~vcly 
reduce:; t,hb? L equirect tldtd ‘icquisition cornput-er cdpdclty. 

ii) Instrument Evaluation. A high resolution mass 
spectrometer operating in a dynamic scannlny mode is d complex 
instrument and many thicqs can go wrong uhich clre difficult for 
the opl-lrdtor to detect in real-time. In ortler for the comp!ltcr t.o 
ts;ist irl saintnining [data quality, it must hdve a model or 
spectroqletcc operation on the basis of which data quality can be! 
:issesszd an3 processing suitably adapted as well as instrumer;t 
performaI;ce optimized. We have developed a program which monitors 
the st.<ite :,f the mass spectrorster. This preliminary progr tm 
chc?c ks the f ollou ing it+.?sr,: 
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1) iJdta acquisition parameters such as .;can rancJc and tlmt? 
constants, backajrourrd threshold, a dynamic peak model to 
determine resolution and threshold acceptancc~ levels for p,e‘ik 
width and intensity, t~htz number of peaks collected, and ddtd 
stordi/e utilization statistics. 

iii} I.ata Re:JtIctltrn. A \':‘.)~jCd'rl h(1:; bei2r. written which dllous 
1 u tun d t ic: L ?clu~tio~! 0 f Ii1 jIL [ " ;cJlUtiOri tidtd bd;;ed 011 the? C;?Slllt -t 
of the i)tior instrument ~:v~iluSit~otl :Idtd. Conversion ot pt"dk 
posit.iun:; in time to the corrt?r;[ori:ling mass values is k!ifected by 
mappinij each spectlua into the! cdlibrdtion model developed 
previously. i'hr interi,uldtion 1 lyur ithm between r~fcrencu 
cdlibratinr; points incorporate-; d ~~uadraticdlly varyin; 
c?xpoltential time cr,tr:;trlnt to ciccount for the second clrder 
character. of a magnet di:;char~in~ through a resistance and d 
capacitance as well ds at; offset at infinite time to account FOL 
residual magnetization affecting dCCUrdCy ilt low masses. 

Perfl~lorokerosene (Pt'K) p?dks, introduced into high 
resolution mdsd .spc+ctrd ,+or internal mdss calibrdtion, are 
di=;tint-juishctl from unknouu pctdks by a pdtti:rn rccognitLon 
nl~oritha which compares the rzldtionships between sequences ot 
r-efercncc pedks in the calibrdtion run with the set vf possible 
corresponding sequc?nces in the sdurple run. That canditidte scquenc-e 
is .celcctcu uhich best ak,fJroxi:rater; calibr<dtetl ~.erformance within 
coristrdints of internally consistent scan model variations. L'hi:; 
Cipproar:h minlmiZeS the need for selection criteria such a~ 
greatest neqdtive mdss defect for referencr peaks, the vdlidity 
of which cannot be guaranteed. Excellent peuformdnce results from 
using sequences con taininq 10 reference peaks. 

OncesoLved peaks iire se~~arated by a new crnaLyticc-lL 
al(Jorithm, the operation of which is based on a calculated model 
pedk derived from known $;inqlet peaks rather than the Vdssumptiorl 
of r3. particular paraEettic shdpe (e.(3., tridnguldr, tidussiiln, 
etc.) ‘I’his algorithm provides an effective increase in system 
resolution by a fac:tor of: three thereby effectively illcreasing 
system sensitivity. icy mc:aLiuri.ng dnd comparin&j successive moment:; 
of the sd@pLe and moiiel l.edks, a st?riel; of hybotilesti:; ,lre tester! 
to eStot:Ai:;h the multiplicity nf the peak, minimizing computing 
requirements for the us udlly encountered simple peaks. Analytic 
expressions for the amplitudes dnd position:; of component pedks 
have twe1r iterived in the doublc?t case in terms of the first tour 
!noment:; of the peak coaplez. 'L'hi; elimrnatcs time con:;uminj 
iteration procedures for this irrlrortant multirlet case. Its+rCitiun 



is still required ror more complex multiplets. 

Elemental compositions ar2 calculated from hi9 h rcsol*lt ioIl 
mass v.llues with a neu, efficient table look-up algor.ithm 
devololletl by LederLerg (ref. 1) and appended herewith. 

Future work will extend these id@dS to d system for the 
,acquisition of selectctl metastable information as well as to 
include the quadrupole system useu in the routine low resolution 
clinic.*1 work. 

WC have recently verified the feasibility of combined gas 
chromatography/ high resolution mass spectrometry (c;L/&iRP!s) . 
[Jsiny the programs doscrlbed above we cdn acquire selected scan:-, 
and rehuc~ them automatically, although the procedures are slow 
compared to *lrcal-timd~@ due to the limltatrons of the time-sLar& 
ACEE facility. We have recorded sufficient SpeCtrd ot standard 
compounds to show that the system is performing well. A typical 
experiment which illustrates some of the parameters involved wah 
the followiny. A mixture (approximately 1 microgram/ component) 
of methyl palmitatc: anti methyl stearate was analyzed by GC urldcr 
conditions such that the GC peaks were well separated ‘&nd of 
approximately 25 sec. fluration. The mass spectrometer was :ictinn:?d 
at d rdte of 10.5 set/decade, and a resolving power of 5000. The 
resulting mass spectra displayed peaks over a dynamic range of 
101) to I arrrt were &utomatically reduced to masses and elemental 

compositions without. difkiculty. RaSS measurement dccurdcy 
appears to be 10 ppm over this dynamic range. A more definitive 
study of mdss measurement Caccuracy will be carried out shortly to 
accurdtcly determine the performance of the system. 

We Irave begun to c?xorci:;e the GC/hHMS :;ystt?m on urine 
fractions contdinillg signif ic(in t components w)iOse structurt?s have? 
not been elucidated on the basis of low resolution spectra colon*. 
Wherea:; more work is required to establish system perfurmdhce 
capabrlitics, two things have become clear: 1) tiC/HRMS will re :I 
useful analytical adjunct to 0uI low resolution GC/t;A clinical 
:itudics to assist rn the identification or significant components 
whose :;tructures are not elucidated on the basis of low 
resolution spectra alone, dTId 2) the sensitivity of the pKeSent 
system limits analysis to relatively intense GC peaks. This 
sensitivity limitation is inherent in scanning instruments wherr 
one gives up a factor of 20-50 in sensitivity over photographic 
image plane system:; in return for on-line (t<rta read-out. This 
lia itation may be relieved by using televi:;ion read-out syctems 
in conjunction with extended channeltron detector arrays a:; has 
been proi:osed by researchers at the Jet Propulsion Laboratory. 
The development of such a sensor system is beyond the current 
scope of our effort. WC can nevertheless make progress in 
d.ppl.yiny GC/HRMS techniques t0 dCce.SSible effluent p?dkS anal can 
<tddpt the improved sensor' capability when Civarlable. 
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He>cent experiments in operatron of the mass spectrometer in 
conjunction with the qas chrowatograph have also shown that the 
present ACtIt! computer facility cannot provide the rapid service 
required to acquire repetitive scans at either high or lou 
rcsolvLnrj powers. he can, however, acquire :;cans on a p(?riodlc 
basis, meaning most GC [)(+nks in <I run can bo scanned once .tt hir)h 
resolving power. We are ['resently implement in-j d disk on thi? 
PDY-11 to Act as a terpoLdry data buffer bcatwecn the mrlss 
spt?ct.romet+-r and ACRE. This disk will allow acquisition of 
repetitive scans, while tlata reduction must be deferred to 
completion or the L;C run. A more tictailed di:;cur;sion oi coiIlputin~ 
problems and plans is given under lgPUTUHE PLANS". 

cl AUTObATEL GC/N'; DA'L'A RETIUCIION 

Tht! akjplication of GC/MS techniques to clinical problems a:, 
described in Part B(ii) of this proposal has made clear the necc! 
for automating the analysis of the results of a GC/& experiment. 
Previous paragraphs dealt with the problems of reducing raw dat,j 
in preparation for analysis. At this point the data must bl? 
<innlyzed vitt d minimum of human interaction in terms of locdtinrj 
and identifying specific constituents of the G;: effluent. 'L'he 
problem of iaentificatiot is addressed by the library search and 
DENDHAL tua.;s spectrum rntcrpretatlon proyrdms discussed in I'drt ‘2 
of this pcoposal. The problem :>f locating etfluent components in 
the K/MS output involves extracting from the dpproxladtely 7Oil 
Spr+CtE’d collected dur.iny a GC sun, the 50 or so representin:J 
components of the bofy fluid sample. The r4u spectrd dfe in part 
contamrnatz:l with background "column bleed'* and in p,irt 
eompositcd with adjacent constituent spectra unresolved by the 
GC . 

We have begun to develop 3 solution to this problem with 
very promising results. dy using a unique disk oriented matrix 
tr3nsposLtion algorithm developed for image pracessinJ 
applications, we an rotate the entire array or '700 5ipectr.i by 
500 mass samples per spectrum to gain convenient access to the 
"mass chromatogram" form of the data. This form of the data, 
displayer‘i rlt a few selected mass values, has been used at 
Stanford, P;Tl?, and elsewhere for some time to evaluate the GC 
effluer,t profile as seen from these masses. fiiar;s ChrOmdtO;jrapms 
have the important property of displaying much higher resolution 
in localizing GC effluent constituents. Thus by transposing the 
raw data to the mdss chromatogram domain we can systamaticilly 
analyze these data for baselines, peak positions, and ,dmplitudes, 
and thus derive ideaLi?& mass spectra for the constituent 
materinls free from background coctaminatlon and iniluence:; of 
adjacent Gt‘ peaks unresolved in the overall. gds ChrOmdtOgr.im. 
l'hese spectca can then be analyzed by library search techniques 
or first principles as necessary. 

The results of this work "an also leaii to reliable 
prescreeninq analysis of I; rJ traces alone by having avail;=blc! a 
detailed list of GC effluent posltions and expected amplitudes 



for say d urine fraction. by dynamically determining peak .;hdpe 
para~et~?rs for detected c;C sinylet peaks, interpretation of tuorc 
comolex peaks can be made to determine if unexpected constituents 
or abnormal amounts of expected constituents are present, 

d) CLGSCD-LOG&? IN:;TktUPiEiiT CtiNr RGL 

In the long term, it woul:l btl possible for the data 
interpretation software to direct the acquisition of data in 
order to remove ambiguities from interprettition procedures anti to 
optinlize system efticiency, 'The achievement of this jti<il i:; a 
long way off but ue feel the above developments and those 
described in Parts A and C represent important Ireliminary steps 
toward closed-loop control. 

The task of collection of different types or mass spectral 
intoradtion(e.y., high resolution spectra, low ionizin.3 voltage 
spectra and selectetl aetastable information) under closed loop 
control uuring d GC/PIS experiment is extremely difficult dnd may 
not be realizaqle with current technology. We are studying this 
problem in a manner which will allow the system to be useli for 
important research problems (e.y., routine analysis or urine 
Eractions uithout fully closed loop control) while aspects ot 
instrument control strategy are developed ~TI an increment4 
fa%hion. 

The essence or this approach is to develop a multi (two or 
three)-pasz; system which permits collection of one type or delta 
(e.g., hiqh resolution mass spectra) durinrl the first CC/b:; 

analysis. Processing of these :lata by DENDHAL will reveal wh‘it 
additional data are necessary on specific W peaks durrny d 
subsequent GC/HS run to effect a solution or structure or <iit 
least to reduce the number of candidate structures. 'I‘his 
simulated closed-loop procedure will demonstrate the ability of 
L)ENCRAL type proqrdms to examine data, determine solutions dnd 
~roposti adilitional strategies, but will not have the requirement 
of operdtiny in real-tjme, although some parameters in the 
dcquisition of metastable data will reyuirc change between 
consccutlve GC peaks. 

Stuciies such as the.so will identify in some detail th<? 
feasibility and necessity of closed-loop automntion CAS well as 
the portions of the procedure which must be improved to mezt tht-! 
time constraints imposed by limited sample quantities .ind GC/Mj: 
operation. We have-already identitied the problem of the r(lte at. 
which resol!ltion can be chanqed and have deterained d IJotentldl 

solution. 4dditionnl problems under study ale those ut iristrume[lt 
sensitivity and strateqics for retastable ion medsurement. 

PLANS 
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Our frrt.ure plan:; repftiscnt extensions of the on-+~in~) u0L.k 
described above untier nPHOGRESS1* ds well a:; the continued routine 
maintenance of the GC/!lS systems. Specifics are breifly 
summdrized below. A significant impact will occur with the 
termination of NIH sup[*or‘t of the ACHE computing facility in July 
1373. ke now perform most of our llatd reduction IJrOCOSSLnji 01) tho 
hCtiE 3bO/50 without budyetcd cost as part of the core rei;e‘lrc:h 
effort. :Thc tallow-on facility to ACHE will be an unsubsidized, 
fee-for-service facility mounted on a 370/15tr computer along with 
other StdnfOrd Hospital ddministrdtive computing runctions. 

We have examirlell two alternative computing configurations to 
meet this transition: a) a PUP-11/45 local comPuter system and b) 
hooking up to the tee-for-service ACME follow-on machine. l'he 
trade-offs ace basically as follows. The ACHE hollow-on option 
requires an expansion of the existing PDP-11/20 computer memory 
and a new interface to dccommod ate the neu Planned smell n:nchin+ 
interface to the 310/158. The near term costs of this <Approach 
including estimated 370/15B mdEhiIle usage costs dre dPproximdtely 
equal to the capital outlay of the PDP-11/45 amortized over 1-2 
years. These 370/158 usage costs continue on a year to year basis 
indefinitely whereas the PDP- II /45 costs decrease to mdintendnce 
,lnd su~~ply levels dfter Furchase. 'The ACME follow-on option 
requires a minimum of reprogramming since the PL-ACnE langrla,;e 
will be maintained. The PDP-11145 option will require significaI:t 
reprogramming to convert from PL-ACME to FORIRAIL and Asscmclj 
LanguaJc?. Once the reproyrameing has been accomplished, the? 
DDP-11145 offers adVantayes Of red1 time dvdildbility dnd 
responsiveness. 

‘Thus the difference:; betwaen these approaches revolve drounci 
short term costs versus long term flexibility. In order to 
minimize the impact to on-going efforts we have based this plan 
on the use of: the ACRE follow-on 370/158. our budget estimate 
incorporates the preliminary expected cost:; for this type ok 
operation. The rate structure for this facility is still bhing 
evolveti houever, and au justments may have to be made. 

a) MAbS SPRCTROMETRR DATA SYST.Etl AUTOMATION 

Future efforts will include the transition of the existing 
ACME-based system to the new ACfiti follow-oh configuration. We 
will adapt the concepts developed already for use in the Finnigdn . low resolutron K/ES sy stem being used for routine urine 
analysis. Wer will develop data system extensions for the r;~'l'-711 
system which allow s.+mi-dutomated acquisition and reduction of 
netastdble information to support fragmentntion pdthwdy studies, 
Rcuristic DENDRAL program development, and closed-loop 
simulation. LhiS IIIctdStdblC? Sys tern Will incorporate cdlibration 
procedures and automated Peak detection and resolution procedurl::; 
based on the high resolution system. The existing hardware 
interface vi.11 be used to control source or electrostatic 
analyz,ar voltages in conjunction wit11 the mdgnet scan to m.fd:iuC*R 
specific parent-daughter ion rcldtionships. 


